isruption of vulnerable plaque may cause acute coronary syndrome (ACS) [1] [2] [3] [4] and at present angioscopy 5-9 and intravascular ultrasonography (IVUS) [10] [11] [12] [13] [14] [15] are the most powerful, though invasive, methods of precisely evaluating vulnerable plaque. An angioscopic study reported that vulnerable plaque development was observed in culprit as well as nonculprit coronary artery segments in patients with myocardial infarction, 5 Yellow plaque detected by angioscopy is reportedly related to ACS 16, 17 and the grade of yellow plaque predicts its vulnerability. [5] [6] [7] [8] Hodgson et al reported that soft plaque was detected more often than calcified plaque by IVUS in an ACS patient. 10 Calcified plaque may be involved in cases of sudden death. 18 The feasibility of multi-detector row computed tomography (MDCT) [19] [20] [21] [22] for coronary stenosis, 23,24 detection of soft plaque 25 and measuring the vessel area by manual tracing 26 has been reported. MDCT has undergone development of the number of detectors required to obtain precise images. 27, 28 Schroeder et al used the region of interest (ROI) to classify plaque by computed tomography (CT) number 27 and very recently Achenbach et al reported a good correlation of the measurement of the CT image with the IVUS findings in a study of remodeling. 26 However, there is not a comprehensive method for evaluating the gray-scale CT image. ROI method using a circle or rectangle is commonly used to calculate the CT number of the area of concern, but usually a circle or rectangle does not fit the shape of the plaque.
D

Methods
Patients
We studied 45 cases of ACS admitted to Osaka Police Hospital from March 2003 to February 2004. There were 24 patients with acute myocardial infarction (AMI) and 21 patients with unstable angina (UA). All patients underwent successful percutaneous coronary intervention (PCI) after admission to hospital. The study protocol was approved by the institutional ethics committee and written informed consent was obtained from all patients.
Image Acquisition
The MDCT, IVUS and angioscopy images were obtained either 3-4 weeks after the onset of AMI or within 1 week of PCI in patients with UA. MDCT Protocol One hour before imaging patients were given metoprolol 20 mg po and nitroglycerin sl 10 min before. MDCT images were obtained using a commercially available 8-detector CT scanner Light Speed Ultra (GE Systems, USA) with ECG gating and Advantage Workstation 4.0 software. As a pre-injection for determining the circulation time for the enhanced scan, 15 ml of contrast medium (15 ml at 3.5 ml/s; Omnipaque 300, Daiichi Pharmaceutical Co, Ltd, Japan) was administered via an antecubital vein. Injection of contrast medium was 80 ml (3.5 ml/s). Each slice was 1.25 mm thick. Pitch was 0.625:1. Rotation time was 0.5 s and Temporal resolution was 125 ms. The trigger point was 70-80% (R-R). Reconstruction used Snap Shot Burst Reconstruction (retrogating reconstruction). Cross-sectional coronary images were obtained by applying the curved multiplanar reformation technique at intervals of 5 mm.
IVUS and Angioscopy The catheter system was the flat panel single detector X-ray system 'INNOVA 2000' (GE, USA). IVUS used a commercially available Atlantis 2.9Fr, 0.5 mm/s auto-pullback. Cross-sectional images were taken at intervals of 5 mm (every 10 s) and the images were analyzed by Tape Measure Ver 2.5.0c. For angioscopy, we used the MC-800E and optic fiber AS-003 (Nihon Kohden, Japan) with manual pullback. [5] [6] [7] [8] [9] 
Slice Adjustment
The cross-sections obtained at intervals of 5 mm by MDCT and IVUS were compared and the position was corrected by landmarks (ie, stent or branch). Continuous cross-sections that contained soft plaque on the MDCT images were compared with the angioscopic images of the plaque detected in the same position.
'Plaque Map' System
To construct the 'Plaque Map', a series of 0.4 mm thickness cross-sectional images of the coronary artery were obtained at intervals of 5 mm (exclusion criteria were poorly distinguishable cross-sectional images such as side branches, inside the stent etc). The DICOM format of the cross-section was converted to a numerical matrix (512× 512) and the text data were analyzed semi-automatically by our 2 original methods: the color-based isometric line method, which colors the relevant limit of CT numbers, and the Bird's Eye View, which shows 3 dimensional (D)-contour images. The borders of the isometric lines of -50, -25, 0, 25, 50, 70, 100, 150, 200, 250, 300, 350, and 500 Hounsfield units (HU) were drawn. We named this semiautomatic system the 'Plaque Map' system and the reconstructed color image as the 'Plaque Map'. We wrote the program using Microsoft Visual Basic 6.0 in Windows 2002 and the 3D construction used Gsharp Ver 3.0 (KGT Inc, Japan). 
Definition of Plaque
IVUS and Angioscopy The same vessels were imaged by IVUS and angioscopy. Determination of the plaque classification was based on established criteria of echogenicity. 24 Soft plaque was defined as more than 80% of the plaque area composed of tissue with lower echogenicity than the adventitia (arc of lesion calcium <90%). Hard plaque was defined as more than 80% of the plaque area composed of tissue producing echoes as bright or brighter than the adventitia but without acoustic shadows (arc of lesion calcium <90%). Calcified plaque was defined as plaque involving bright echoes with acoustic shadowing accompanying more than 90% of the vessel wall circumference.
Yellow plaque was defined as a yellow area on the lumen surface, which may have a smooth or irregular surface with or without protrusion into the lumen. Evaluation of the IVUS and angioscopic images was performed by 2 independent observers who had no knowledge of the clinical data. 'Plaque Map' Soft, intermediate, and calcified plaque were defined as having a profile curve <50 HU, 50-150 HU, and >500 HU (other than for a stent), respectively, based on previous reports. 20, 25, 28 
Counting Plaque by 'Plaque Map' and Comparison With IVUS and Angioscopy
We counted the number of short-axis sections with soft, intermediate, and hard plaque and compared the plaque characteristics of 'Plaque Map' with those of IVUS and angioscopy.
Results
Detection of Coronary Plaque
The number of vessels analyzed by MDCT, IVUS, and angioscopy is shown as Table 1 . The number of short-axis sections was 662 of 78 vessels (13±11 sections/vessel). The 'Plaque Map' system detected soft plaque in 144 slices. Fig 1 shows a slice from 'Plaque Map', the IVUS image of soft plaque and the angioscopic image of yellow plaque. IVUS detected 156 cases of soft plaque, 153 of intermediate plaque, and 94 of calcified plaque. Angioscopy detected 139 yellow plaques (3.0 per person). MDCT failed to detect 12 cases of soft plaque that were detected by IVUS only. In the comparison of MDCT with IVUS, the sensitivity was 92%. The sensitivity and specificity of detecting soft plaque by 'Plaque Map' were 80% and 87%, respectively, when compared with yellow plaque detection by angioscopy.
We defined a gentle slope of 50-150 HU as intermediate plaque (Fig 2) . In 'Plaque Map', the slope <100 HU was steep, but the slope between 100 and 200 was gentle. MDCT detected intermediate plaque in 134 slices, but failed to detect 19 cases detected by IVUS, so the sensitivity was 87%.
MDCT detected calcified plaque (Fig 3) in 84 slices, but did not detect 10 cases detected by IVUS, giving a sensitivity of 89%.
Discussion
We have developed a semi-automatic plaque imaging and analysis system called 'Plaque Map', which provides colored 2D-( Figs 1E,2D,3C ) or 3D- (Fig 3D) reconstructed images based on the CT number of the vessel. The system enabled us to detect and characterize coronary artery plaque.
A previous report suggested tissue characterization can be decided by CT number, 20 but it is not easy when using gray-scale CT images. ROI measurement may calculate the mean CT number and standard deviation, but it does not fit the plaque. When the coronary artery is filled with contrast media, the CT number decreases linearly to the border of the vessel. Therefore, plaque characterization should be interpreted not only by the sole CT number but by pattern recognition of the distribution of the CT number of the whole vessel. The isometric lines of 'Plaque Map' enabled demonstration of the distribution of the CT number and pattern recognition.
Although IVUS is an excellent method for defining plaque from the histological and immunohistochemical findings 14 and angioscopy can detect yellow plaque that may be lipid-rich with a thin fibrous cap, 5, 6 both techniques have limitations. IVUS is invasive 10,13-15 and geometric distortion can degrade the cross-sectional images of the vessel wall. 29 Also, the amount of calcified plaque may be underestimated by IVUS. 30 Angioscopy only provides the information about the inside of the vessel and lead to discrepancy about the amount of fibrous cap fully covering the soft plaque. MDCT has poor spatial resolution for detecting the fibrous cap, but can assess all coronary arteries and side branches with a diameter of 1.5 mm or more for the presence of stenoses exceeding 50% diameter reduction. 26 In the present study there was a high sensitivity between the detection rate by MDCT vs IVUS and MDCT vs angioscopy. Using the 'Plaque Map' system for MDCT, we can noninvasively detect and characterize plaque with higher reliability than the present techniques. 31 However, to detect vulnerable patients, 3, 4 we should integrate all the findings from MDCT, IVUS and angioscopy. In the acute stage of ACS, soft plaque and thrombus are hard to distinguish on IVUS and although none of the present subjects were in the acute phase of ACS, the CT number of soft plaque and thrombus may not have been distinguished.
Study Limitations
All patients underwent MDCT after PCI, not before, because MDCT requires approximately 100 ml of iv contrast media. This limitation of contrast media needs to be overcome. We did not examine inside the stent because of the halation of the metal and thus the cause of ACS was not examined.
Conclusion
Our plaque imaging and analysis method, 'Plaque Map', can detect plaque characteristics as well as IVUS and angioscopy in patients with ACS.
